Secondary fermentation of sweet wine was prevented by the Delle stabilization procedure. For this procedure, advantage is taken of the inhibitory effects of high concentrations of sugar as well as of alcohol. Thus, relatively small amounts of wine spirits were added to fermenting musts to obtain stability, as compared to the conventional procedure in which larger amounts of alcohol are added and the inhibitory effect of alcohol only is considered. The Delle value is a function of the concentrations in the wine, after spirits addition, of alcohol and sugar. Delle values which gave stable wine were dependent on time of alcohol addition, on strain of wine yeast, and on composition of wine spirits. Fractional addition of spirits, concentration of SO2, and clarity of must had little effect on the Delle value. Sensory comparison of wines especially prepared for tasting by the Delle procedure and by the conventional procedure showed the wines made by the Delle procedure to be superior in quality. Under proper storage conditions, the Delle wines were shown to be microbiologically stable and resistant to wine spoilage organisms.
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Yeast metabolism is inhibited by high concentrations of sugar and of alcohol. Delle (6) speculated that a combination of alcohol and sugar at levels less than required separately for complete inhibition might be used to inhibit growth and fermentation of yeast in sweet wine. He suggested the following formula: a + 4.5 c = DU, where a is the percentage of sugar (grams of reducing sugar/100 ml), c is the volume percentage of alcohol (milliliters of ethyl alcohol/100 ml), and DU ("Delle units") is a measure of the inhibitory activity of the mixture. Delle had observed that alcohol fermentation in wine musts would not occur at about 18% (v/v) (2) . Nomograms, both linear and circular, have been prepared for easy calculation of Delle units (4, 7, 18 (w/v) of sugar before spirits addition, V is the volume of fermenting must, and X is the volume of spirits to be added. (As is usual, the volume contraction resulting from the mixing of alcohol and water is considered negligible.) When a' and V are known, X can be determined in terms of c, the percentage (v/v) of alcohol after fortification, for any given DU value. Now c is identical to C in the fortification equation (13) Other analyses. Nitrogen and aldehyde concentrations were determined by methods given by Amerine (1) . Fusel oil (higher alcohols) was determined colorimetrically (11) . Yeast cell concentration was determined microscopically with the aid of a LevyHausser counting chamber. Turbidity was determined as absorbancy at 650 m,u in a Spectronic-20 colorimeter; the high wavelength was used to minimize variations in absorbancy resulting from differences in wine color.
RESULTS
Effect of yeast strain. To discover which wine yeasts might be especially sensitive to alcohol and sugar, several strains were tested for their sensitivity to alcohol and to sugar. [We have already shown (2) that the Montrachet and Champagne strains of the UCD Enology yeast collection have the same DU values for inhibition, but that the Burgundy strain requires a higher value under the same set of conditions.] The yeasts which were most sensitive to initially high concentrations of alcohol were Distillers' and Tokay strains of S. cerevisiae var. ellipsoideus (Table 2) . Those most sensitive to initially high concentrations of sugar were the Tokay strain and the TPF strain of Schizosaccharomyces acidodevoratus. Accordingly, these three yeasts, and the Montrachet strain as control, were tested for their DU value for stability in sweet wine production. Starter cultures were added to about 70 liters of a mixture of Chardonnay and Pinot blanc juices (see Table 1 ); 10% starter was used in all cases except with Montrachet (for which 1% starter was used). Figure 2 shows the change of 'Brix of the four fermentations, with time. The DU values required for stability of the yeasts are given in Table 3 . The Tokay strain required the lowest DU value for stability.
Effect of SO2. Sulfur dioxide inhibits yeast fermentation and might have an effect on the Delle value needed for stability. In the above experiments with Chardonnay and Pinot blanc grapes, one sample of must was fermented with the addition of 40 mg of S02 rather than 125 mg per liter. The Delle units required for stability, with the Montrachet strain of yeast, are given in Table 4 . For the wine with low SO2, a somewhat higher Delle value was required for stability, but (Table 7) .
Sensory evaluation of stabilization methods. Sweet wines were prepared by the conventional California method to have at least 19.5% (v/v) alcohol and by the Delle method (whereby the lowest concentration of alcohol required for stability is used) in order to compare their sensory qualities. For these tests, two 100-liter samples of fermenting must were removed at three different times from a tank containing a fermenting mixture of Semillon and French Colombard musts. At each removal, one sample was fortified to give a calculated final concentration of 20% (v/v) alcohol, and the other sample was fortified to give a final concentration of alcohol calculated for a certain Delle value. For the latter, the Delle value required for stability was estimated from the previous experiment with Semillon. When fortified at about 200 Brix, the Semillon must required 72.6 DU for stability (Table 5 ). To be assured of stability in the present experiment, we increased the Delle value to 76. In previous work (2), we found the Delle value required for stability was about 4 units greater when fortified at 160 Brix and about 7 units greater at 120 Brix than that required at 200 Brix. Accordingly, we attempted to fortify the must at 200, 160, and 120 Brix to give Delle values of 76, 80, and 83, respectively. In another series, the musts were fortified to give a final alcohol concentration of 20% (v/v). The procedure for determination of amount of alcohol to add and Not determined.
VOL. 16, 1968 an example of this procedure are given in Materials and Methods and Appendix I. (The data used for these fortifications and the values obtained are given in Appendix II.) After storage in glass for 2 months, these six wines were filtered and transferred to new, alkali-treated, oak barrels (capacity, 56.8 liters). The barrels were maintained completely filled. After 3 months in wood, the wines were subjected to sensory analysis. At this time, the free SO2 was found to be about 10 mg/liter in each wine, and an addition of 75 mg (per liter) of S02 was made for each. After a total of 9 months in wood, the wines were bottled in glass and corked. Two months later the wines were tasted again.
For the first tasting, 5 months after fortification, an experienced taste panel of five judges was used (3). The sensory evaluations (scores) are given in Table 8 . The differences in sensory scores for each pair of wines fortified at the same time by two different fortification procedures were analyzed for statistical significance (3) The Student's t values are also given in Table 8 - (8, 9) . Furthermore, the degree of tolerance to each of these materials in a single strain can change depending on the age of the cultures and the previous conditions of growth (9, 10, 14) . Considering differences of DU > 3.4 as significant, we have confirmed previous results (2) showing that the minimum Delle value required for stability was dependent on time of fortification and yeast strain. Lowest Delle values were required when fortification took place near the beginning of fermentation and when a Tokay strain of wine yeast was used for fermentation. The change in Delle value required at different times during the fermentation is probably even greater than it appears to be. The temperature of the fermenting must, which was not controlled, was less (22 to 24 C) at the time of early fortification than those made later (24 to 26 C). Since alcohol has a greater inhibitory effect at higher temperatures (15), a lower Delle value is also probably required at higher temperature. Thus, from considerations of temperature, a lower Delle value rather than a higher value should be required later in the fermentation. (The rise in temperature during fortification resulting from mixing of alcohol and water may also have an effect on stability; these temperatures were not recorded.) Ough (15) has shown that, at 21 C and pH 3.5, the inhibitory effect on fermentation rate is linearly dependent on concentration of alcohol present initially. One might expect that fractional fortification might require less total wine spirits, the initial fortification rendering the yeasts more susceptible to a second addition, in the presence of sugar, as compared to the addition of the same amount of spirits at one time. Adaptation of yeast to the inhibitory effect of alcohol might be thought to be responsible for the change in minimum Delle unit value required for stability during fermentation. However, this ought to be reflected, but was not, in a change in Delle value with fractional fortification ( Although the Delle wines were shown to resist a second fermentation by yeast, they still must be considered potentially bacteriologically unstable. One of these wines had less alcohol (12.8%) than many table wines. Not unexpectedly, this wine showed a slightly greater increase in volatile acidity on storage than did the wines with higher alcohol concentrations (Table 8) , although the increase was not large enough for concern. Under proper conditions of storage, there was no problem with either lactic acid or acetic acid bacteria spoilage.
Preparation of sweet wines by the Delle method, then, is quite practical wherever legal. The amount of spirits to be added is about half that used for conventional fortification in California. Not only is the Delle method more economic, but the resulting wines are most pleasant-tasting. Furthermore, sweet wines which can be legally classified as 
